Abstract: Hypothalamic-pituitary-adrenal axis impairment in anorexia nervosa is marked by hypercortisolemia, and psychiatric disorders occur in the majority of patients with Cushing's syndrome. Here we report a patient diagnosed with anorexia nervosa who also developed Cushing's syndrome. A 26-year-old female had been treated for anorexia nervosa since she was 17 years old, and also developed depression and paranoid schizophrenia. She was admitted to the Department of Endocrinology, Metabolism, and Internal Medicine with a preliminary diagnosis of Cushing's syndrome. Computed tomography revealed a 27 mm left adrenal tumor, and she underwent laparoscopic adrenalectomy. She was admitted to hospital 6 months after this procedure, at which time she did not report any eating or mood disorder. This is a rare case report of a patient with anorexia nervosa in whom Cushing's syndrome was subsequently diagnosed. Diagnostic difficulties were caused by the signs and symptoms presenting in the course of both disorders, ie, hypercortisolemia, osteoporosis, secondary amenorrhea, striae, hypokalemia, muscle weakness, and depression.
Introduction
Anorexia nervosa is one of the most common psychiatric diseases among young women. The diagnostic criteria are refusal to maintain weight appropriate for age and height, fear of gaining weight, impaired body image, and amenorrhea. 1 There are two main types of anorexia nervosa, ie, restrictive and purging, and both have an impact on appetite-regulating hormones. Moreover, they lead to changes in the hypothalamicpituitary-gonadal and hypothalamic-pituitary-adrenal axes, bone loss, and growth hormone resistance. Impairment of the hypothalamic-pituitary-adrenal axis in anorexia nervosa is marked by hypercortisolemia.
On the other hand, psychiatric disorders occur in the majority of patients with Cushing's syndrome. Symptoms include emotional lability, insomnia, and poor memory and concentration. Patients with Cushing's syndrome may also develop more severe psychiatric disturbances, such as depression with suicide attempts, psychosis with delusions and hallucinations, and paranoia. 2 Here we report a patient diagnosed with anorexia nervosa who developed Cushing's syndrome, and discuss the diagnostic difficulties in such an unusual situation. a history of an eating disorder which started when she was 17 years of age. She avoided meals, induced vomiting, and engaged in excessive physical activity. She also developed secondary amenorrhea and was admitted to a psychiatric ward with a body mass index of 14 kg/m 2 . She suffered from purging type anorexia nervosa, diagnosed according to DSM-IV (Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition) criteria. 1 She did not recover and was hospitalized in psychiatric wards on three subsequent occasions. She was also diagnosed with depression 3 years later, for which treatment with olanzapine and a selective serotonin reuptake inhibitor was unsuccessful.
She gradually became physically inactive, and at the age of 20 years, developed new psychiatric symptoms, staying in bed complaining of exhaustion and not participating in social activities. Her mood was depressed, and she experienced changes in her appetite and body weight. Wide red striae were noted on her abdomen and thighs, resulting from a weight recovery of 9 kg. Her morning serum cortisol level was measured at 8 am (when she was hospitalized in psychiatric ward) and the result was at the upper limit of the normal range. She also failed to maintain personal hygiene, and deterioration in her appearance was noted. A diagnosis of paranoid schizophrenia was established when she was 25 years of age during her most recent hospitalization in the psychiatric ward. Pathological fractures of the left proximal tibia and head of fibula were diagnosed 2 months before admission to the Department of Endocrinology.
The patient was irrational and refused to cooperate during the admitting process, claiming that she suffered from colon cancer. Certain of her inevitable death, she refused to leave her bed. It was impossible to measure the patient's height and weight because of lack of cooperation. Blood pressure was about 140/80 mmHg. On physical examination she was noted to have centrally distributed fat and a moon face. Wide red striae on the abdomen and thighs depressed below the surface of the skin were found. Bruises over the lower extremities, androgenic alopecia, and facial acne were also present.
Laboratory tests revealed hypercortisolemia with loss of the circadian rhythm of cortisol and increased urine free cortisol in a 24-hour urine collection (Table 1 ). An overnight low-dose (1 mg) dexamethasone suppression test was performed, and the plasma cortisol level determined early on the following morning was 566 nmol/L. The cortisol level measured after a high-dose dexamethasone suppression test was 627 nmol/L. The plasma adrenocorticotropic hormone concentration was suppressed (2.91 pg/mL). Dexamethasone suppression followed by a corticotropin-releasing hormone stimulation test helped to distinguish between Cushing's syndrome and a pseudo-Cushing state ( Table 2) . A 27 mm left adrenal tumor was localized in a computed tomographic scan of her adrenal glands ( Figure 1 ). Compression fractures of the thoracic vertebrae as a result of osteoporosis were also identified ( Figure 2) . A diagnosis of adrenocorticotropic hormone-independent Cushing's syndrome was made and the patient was referred for left adrenalectomy. Initially the patient refused surgery, but eventually underwent laparoscopic left adrenalectomy 2 months later. Histopathological examination of the tumor confirmed adrenocortical adenoma, and hydrocortisone replacement therapy was started.
The patient was readmitted to hospital 6 months following her surgery, but without depressive symptoms or deterioration in personal appearance and hygiene as before. Her compliance with treatment was good, her appetite was not impaired, and her body mass index was 23 kg/m 2 . There were no episodes of self-induced purging after meals reported by the patient or her mother. Her olanzapine dose was decreased and discontinuation of treatment was supervised by a psychiatrist. A normal menstrual cycle returned spontaneously 4 months after adrenalectomy, and since then, the patient's menses have been regular. At her most recent follow-up visit, dual-energy x-ray absorptiometry was performed and secondary osteoporosis was confirmed (Z-score at lumbar spine −3.78; Z-score at femoral neck −3.09). 
Discussion
This report of an association between anorexia nervosa and Cushing's syndrome is most unusual. Interestingly, surgical treatment of Cushing's syndrome led to resolution of anorexia nervosa in our patient, so it is possible that Cushing's syndrome was responsible for her eating disorder. However, the diagnosis was difficult to reach because of the signs and symptoms presenting in the course of both disorders, ie, hypercortisolemia, osteoporosis, secondary amenorrhea, striae, hypokalemia, muscle weakness, and depression.
Hypercortisolemia associated with anorexia nervosa is well recognized, although an increased cortisol level is not found in anorexic women as often as in patients with Cushing's syndrome. Increased daily cortisol secretion and blunted inhibition by low-dose dexamethasone has been reported in many studies of adolescents and adult women with anorexia nervosa, [3] [4] [5] and increased 24-hour urine free cortisol levels have been observed in adult anorexic women, 4 but not in most studies of adolescent girls with the disorder. However, comparison of urine free cortisol standardized for surface area and creatinine has shown higher cortisol levels in adolescent patients with anorexia nervosa than in their healthy counterparts. 5 Salivary cortisol levels are also higher in patients with anorexia nervosa than in normal controls, and a statistically significant increase in salivary cortisol concentrations has been observed in anorexic women throughout the day and after dexamethasone suppression. 4 In addition, lower salivary cortisol levels were found in subjects who underwent psychopharmacological treatment in contrast with untreated anorexic patients. 4 Hypercortisolemia in patients with anorexia nervosa is a result of increased frequency of bursts of cortisol secretion. 4 Corticotropin-releasing hormone seems to be the main mechanism responsible for elevated cortisol levels. The concentration of corticotropin-releasing hormone in cerebrospinal fluid in patients with anorexia nervosa has been found to be higher than in controls, 6 and weight gain was followed by decreased pulsatile secretion of cortisol in adolescents with anorexia nervosa. 4 In our patient, the cortisol level was relatively higher than in anorexic women, and serum cortisol determined after dexamethasone suppression followed by a corticotropinreleasing hormone stimulation test indicated Cushing's syndrome as a cause of her hypercortisolemia.
It is not known why patients with anorexia nervosa do not develop cushingoid features. Invitti et al showed that the number and affinity of glucocorticoid receptors were comparable in patients with anorexia nervosa and those with active Cushing's disease. 7 In addition, a decreased plasma adrenocorticotropic hormone response to corticotropinreleasing hormone in underweight patients with anorexia nervosa argues against glucocorticoid resistance.
8 Lack of a substrate for developing cushingoid features may play a role in patients with anorexia nervosa. Moreover, central redistribution of fat during weight gain has been described in patients with anorexia nervosa who have recovered. 9 Our patient presented with increased truncal fat and wide red striae from weight recovery in a psychiatric hospital.
The link between anorexia nervosa and hypercortisolemia is unclear as yet. The glucose concentration is the most significant predictive factor for pulsatile secretion of cortisol in anorexia nervosa. 5 Moreover, in contrast with healthy controls, cortisol is not suppressed by a glucose load in 
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patients with anorexia nervosa. 5, 10 This suggests that elevation of cortisol may protect against hypoglycemia, thus acting as a counter-regulatory hormone.
Our patient suffered from severe osteoporosis, with pathological fractures of thoracic vertebrae, tibia, and fibula. Exposure to high-dose glucocorticoids has a deleterious impact on the skeleton, and osteopenia and osteoporosis are a significant problem for patients with Cushing's syndrome. Low bone mineral density is also a common complication of anorexia nervosa, as reported by many studies. [11] [12] [13] One population-based retrospective study reported that fractures of the hip, spine, and forearm occurred on average, 24, 25, and 38 years, respectively, after a diagnosis of anorexia nervosa. 14 Our patient suffered pathological fractures about 10 years after diagnosis of anorexia nervosa, suggesting additional mechanisms of bone loss. The severe osteoporosis documented in our patient had its origin in both hypercortisolemia and anorexia nervosa. Long-term immobilization probably also contributed to her low bone mineral density. The patient's refusal to leave her bed was interpreted as a symptom of depression, but could have been simply the result of severe pain caused by compression fractures of the thoracic vertebrae. Adolescent girls with anorexia nervosa fail to achieve peak bone mass, 15 and the onset of the disorder occurred in our patient before acquisition of peak bone mass. Multiple factors, including low concentrations of estrogens, androgens, insulin-like growth factor-1, and leptin, as well as hypercortisolemia, contribute to bone loss in patients with anorexia nervosa. Serum calcium levels and vitamin D intake in affected patients are comparable with those in healthy controls, suggesting that these factors do not have a crucial role in bone loss in patients with anorexia nervosa. 16 The high serum cortisol level in our patient would have contributed to her bone loss. Bone mineral density and Z-score at the spine have been shown to be lower in patients with anorexia nervosa than in women with hypothalamic amenorrhea. 17 Earlier research indicates that cortisol levels correlate negatively with bone mineral density in women with anorexia nervosa. Misra et al found an inverse correlation between cortisol concentration and markers of bone formation (C-terminal propeptide of type 1 procollagen and osteocalcin) in patients with anorexia nervosa. 5 In contrast, the study mentioned above did not find any correlation between cortisol levels and markers of bone formation in healthy controls. Markers of bone resorption correlate weakly with plasma cortisol levels in both patients with anorexia nervosa and healthy controls. In addition, many studies indicate that estrogen replacement or oral contraceptive therapy is ineffective when used to treat osteoporosis in patients with anorexia nervosa. 18 This finding suggests that high cortisol levels in patients with anorexia nervosa suppress bone formation and may be considered to be a potential mediator of bone loss.
Patients with anorexia nervosa and those with Cushing's syndrome have high rates of comorbid depression. 19, 20 Our patient developed depressive symptoms in the course of anorexia nervosa and underwent pharmacological treatment, but her response to therapy was unsatisfactory. Hypercortisolemia in Cushing's syndrome is considered to be the likely cause of concomitant depression. Depression is recognized to be a potential side effect of exogenous glucocorticoids, and some studies have shown that antiglucocorticoid therapy may improve symptoms in depressed patients with hypercortisolemia. 21, 22 However, the relationship between hypercortisolemia and depression remains unclear. A correlation between cortisol concentration and scores for depressive symptoms has been found, 17 and between the Hamilton Rating Scale for Depression score and 12-hour overnight serum cortisol levels. Hypercortisolemia may cause psychiatric disturbances in anorexia nervosa. On the other hand, anorexia nervosa may lead to mood disorders following an increase in cortisol concentration. This association is not clearly established and requires further investigation.
Amenorrhea is one of the diagnostic criteria for anorexia nervosa in premenopausal females. Normal menstrual function is disrupted in patients with anorexia nervosa as a result of hypothalamic disturbances followed by suppression of luteinizing hormone. 26 Many recent studies [23] [24] [25] 27 have attempted to identify regulators of the gonadotropin-releasing hormone pulsatility pattern, such as leptin and kisspeptin. Most patients with anorexia nervosa resume normal menstruation after recovery of body weight. 28 Hypoestrogenemia and hypoandrogenemia in patients with anorexia nervosa resulted from hypogonadotropic hypogonadism. However, adrenal androgen concentrations are comparable with those in healthy controls. 29 In addition, androgen deficiency in anorexia nervosa may contribute to depression, with an inverse association found between androgen concentration and depression score. 29 Secondary amenorrhea is a common menstrual irregularity in women with Cushing's syndrome, and is believed to result from hypercortisolemia and decreased pulsatility of gonadotropin-releasing hormone. 27, 30 Our patient resumed menstruation 4 months after adrenalectomy.
Our patient also experienced hypokalemia, which may have been caused by both repeated vomiting and hypercortisolemia due to Cushing's syndrome. Muscle weakness was her main complaint, and both hypercortisolemia and hypokalemia could have contributed to this problem. 
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To the authors' knowledge, there is only one previous case report of an association between Cushing's syndrome and anorexia nervosa, published in 1965. 31 The possibility that hormonal disturbances may be associated with psychiatric disorders should be borne in mind, and the differential diagnosis requires a multifaceted approach.
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